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Abstract
The photoproduction of K0 on the deuteron has been investigated with the inclusion of Y N
and KN final-state interaction (FSI), as well as the pion- mediated process γd→ πNN → KYN .
The Y N rescattering effects for the inclusive cross section are found to be large in the threshold
regions. Polarization observables show sizable FSI effects at larger kaon and hyperon angles. It
is shown that the extraction of the elementary γN → KY amplitude is possible in the quasi-free
scattering region where FSI effects are negligible. Furthermore, the cross sections in this region
are large, indicating that measurements in this kinematical region are favored.
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I. INTRODUCTION
In order to have a comprehensive understanding of the strong interaction, it is important
to learn more about the hyperon-nucleon (Y N) interaction. It could be studied through
hyperon-nucleon scattering in a straightforward manner, though the lack of hyperon beams
makes it difficult experimentally. Instead, kaon photoproduction on the deuteron offers
itself as a suitable alternative for studying the hyperon-nucleon interaction in the final
state. Several previous studies [1, 2, 3, 4] have been done in the inclusive and exclusive
kaon photoproduction on the deuteron using simple Λn potentials. In a recent calculation
Yamamura et al. [5] have investigated Y N final state interaction (FSI) effects of the K+
channels using the more realistic Nijmegen Y N potentials [6, 7]. Sizeable FSI effects were
found in both exclusive and inclusive cross sections, in particular near the Σ-threshold. They
concluded that precise data would allow the study of the Y N interaction in a great detail.
This work is extended in Ref. [8] with the inclusion of kaon-nucleon (KN) rescattering in
the final state and the pion-mediated process γd → πNN → KYN (πN − KY process
for short) in the intermediate state. Other recent calculations [9, 10] have also investigated
these effects and reached similar conclusions.
Regarding kaon photoproduction on the nucleon, the most understood channels are the
proton ones [11, 12, 13, 14, 15, 16], i.e., γp → K+Λ and γp → K+Σ0, since a relatively
large number of experimental data are available for these channels [17, 18, 19]. Meanwhile,
the study of neutron channels is needed in order to complete our understanding about
kaon photoproduction on the nucleon. In these channels the elementary operator can be
quite different. Because of isospin conservation at the hadronic vertices, there is no Λ
contribution in the intermediate states of the γn → K+Σ− process. Furthermore, in the
processes γn→ K0Λ and γn→ K0Σ0 there is no t-channel contribution in the Born terms
since K0 has zero electrical charge. Since free neutron targets are not available to study the
neutron channels, one needs to use light nuclei like the deuteron or 3He as effective neutron
targets. The deuteron is particularly well suited because of its small binding energy and its
simple structure. Therefore, kaon photoproduction on the deuteron is the natural avenue in
the investigation of kaon photoproduction on the neutron.
With the purpose of extracting the elementary cross section on the neutron target, Li et
al. [20] have calculated the processes d(γ,K0p)Λ, d(γ,K0p)Σ0, and d(γ,K+p)Σ−, where the
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kaon is detected in coincidence with the outgoing nucleon in the impulse approximation
(IA). They concluded that, within the framework of their model, the deuteron can indeed
be used to study K0 and K+ photoproduction from the neutron.
Very recently an experiment of K0 photoproduction on the deuteron has been done at
the Laboratory of Nuclear Science (LNS), in Sendai [21]. They measured the cross section
of the d(γ,K0)Λp process at a photon energy around 1.1 GeV with forward kaon angles.
The data are now being analyzed. In the near future, they also plan to measure the cross
section for the exclusive process and some polarization observables [22]. Similarly, for the
same reaction high-precision data from Jefferson Lab are being analyzed that have become
available through the pentaquark searches [23]. In view of these experiments this paper
extends the previous work [5] by calculating K0 photoproduction on the deuteron and taking
into account the effects of KN rescattering and the πN −KY process. Other rescattering
processes (see, for example, Fig.2 in [10]) will not be included in our study, since for the
kinematics considered here (close to quasi-free scattering or to the Y N thresholds) they do
not contribute significantly. In extracting the elementary amplitude from the cross section
we only consider the γd→ K0Λp channel, since the corresponding measurements have been
performed. In Sect. II, we briefly review the production operator used in this work. The
formalism for calculating the transition matrix and observables are shown in Sect. III. The
results are presented in Sect. IV and we close the paper with conclusions in Sect. V.
II. THE KAON PHOTOPRODUCTION OPERATOR
Most analyses of kaon photoproduction on the nucleon have been performed at tree level
in an effective Lagrangian approach. While this leads to violation of unitarity, this kind
of isobar model provides a simple tool to parameterize the elementary process because it
is relatively easy to calculate and to use for production on nuclei. In this approach, the
photoproduction amplitude γN → KY ( in the following denoted as elementary amplitude)
can be written as
〈~pY µY |tγKλ |~pNµN〉 = u¯µY
( 4∑
i=1
AiΓ
i
λ
)
uµN , (1)
where Ai’s are invariant amplitudes as functions of the Mandelstam variables only. The
hyperon and nucleon Dirac spinors are denoted by uµY and uµN , respectively. The invariant
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Dirac operators Γiλ, which are given by
Γ1λ =
1
2
γ5 (ǫ/λk/− k/ǫ/λ) , (2)
Γ2λ = γ5 [(2q − k) · ǫλP · k − (2q − k) · kP · ǫλ] , (3)
Γ3λ = γ5 (q · kǫ/λ − q · ǫλk/) , (4)
Γ4λ = iǫµνρσγ
µqνǫρλk
σ , (5)
are gauge invariant Lorentz pseudoscalars and given in terms of the usual γ-matrices, the
photon momentum k, and its polarization vector ǫλ. Here λ labels the polarization states,
q the meson momentum, and P = (p′ + p)/2, where p and p′ denote initial and final baryon
momenta, respectively [29]. By expressing the Dirac operators and spinors in term of Pauli
matrices ~σ and spinors χ, we can write the kaon photoproduction operator as
tγKλ = i
(
Lλ + i~σ · ~Kλ
)
, (6)
where Lλ and ~Kλ are functions of Ai. The rather lengthy expression of Ai, Lλ, and ~Kλ can
be found in Ref. [12].
In the present work we use the KAON-MAID model [14], which includes the D13(1895)
resonance beside the Born terms and other resonances. Separate hadronic form factors for
each vertex were used. In order to restore gauge invariance, the recipe from Haberzettl [30]
was utilized. The coupling constants and cut-off parameters were determined by fitting to
the experimental data. The behavior of this model in all six isospin channels is exhibited
by the dashed lines in Fig. 1.
Recently, the SAPHIR collaboration at ELSA has published new data on all proton
channels, i.e. the γp → K+Λ, γp → K+Σ0 and γp → K0Σ+ ones. The new data are
more precise and cover all angular distributions in the energy range from threshold up to
W ≃ 2.4 GeV. Furthermore, as shown by the middle- and lower-left panels of Fig. 1, these
new data show a significant discrepancy with the previous experiment in the γp → K+Σ0
and γp → K0Σ+ channels. Since KAON-MAID was fitted to previous data, it obviously
faces a problem to reproduce the new ones. Figure 1 reveals this problem explicitly.
To investigate the effects of new data on KAON-MAID we refit the coupling constants
in this isobar model by only using the new SAPHIR data in our database. The results are
shown by the solid lines in Fig. 1. While in the γp → K+Λ and γp → K0Σ+ channels
KAON-MAID can nicely reproduce the new measurements, it is obviously unable to explain
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FIG. 1: Total cross section of kaon photoproduction on the nucleon obtained by using the original
KAON-MAID model (dashed lines) and the same model but refitted to the new SAPHIR data
(solid lines). Older experimental data are taken from Refs. [18, 19], while new SAPHIR data are
taken from Refs. [24, 25].
the γp → K+Σ0 cross section at W & 2.0 GeV. This problem originates from the fact
that KAON-MAID does not have certain resonances at this energy region. By floating the
resonance masses during the fit process, a recent study has shown that the new data on this
channel demand a nucleon resonance S11 with M ≃ 2100 MeV [25].
The predicted total cross sections for neutron channels are given in the three right panels
of Fig. 1. There are sizable differences between the original prediction of KAON-MAID and
the refitted version. Nevertheless, all predicted cross sections are of the same order.
5
 0
 0.05
 0.1
 0.15
 0.2
 0.25
 0.3
 0.35
 0.4
 1.6  1.7  1.8  1.9  2  2.1  2.2  2.3  2.4
dσ
/d
Ω
 
[µ
b/
sr
]
W [GeV]
p (γ , K + ) Λ
cos θ = 0.55
SAPHIR
CLAS
FIG. 2: Example of the systematic discrepancy between SAPHIR (open squares) [25] and CLAS
(solid squares) [26] data in the differential cross section of the γp→ K+Λ channel as a function of
the total c.m. energy W . Predictions from the two elementary operator models given in Fig. 1 are
shown for comparison.
Very recently, the CLAS collaboration has also published their data for both γp→ K+Λ
and γp → K+Σ0 channels [26, 27]. The CLAS data show, unfortunately, substantial and
systematic discrepancies with the SAPHIR ones. This problem is clearly illustrated in
Fig. 2. As a consequence, an effort to simultaneously fit the model to both data versions
would be meaningless. In view of this, we decide to use the original KAON-MAID model
in the subsequent calculations. This choice is also supported by the fact that in this paper
most calculations on the deuteron have been performed at low photon energy, a region
where the original and the refitted KAON-MAID models are still in good agreement and
the discrepancy in the new experimental data is not too significant. Furthermore, our main
motivation in this paper is to show the possibility to extract the elementary cross section
for the γN → KY process from the deuteron cross section. Therefore, we can expect that
the main conclusion will be independent from the choice of elementary model.
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III. THE REACTION ON THE DEUTERON
A. Cross sections and amplitudes
The general expression for the cross section using the convention of Bjorken and Drell [28]
is given by
dσ =
1
|~vγ − ~vd|
mYmN
8EγEKEdEYEN
d~pK
(2π)3
d~pY
(2π)3
d~pN
(2π)3
(2π)4δ4(Pd +Q− pY − pN)
× 1
6
∑
µY µNµdλ
∣∣√2〈~pY ~pNµY µN |T γKλ |Ψµd〉 ∣∣2 , (7)
where µY , µN , µd, and λ denote the spin projections of hyperon, nucleon, deuteron and the
photon polarization, respectively. For the deuteron state Ψµd , however, we use a noncovari-
ant notation, which removes the standard additional factor 1/2Ed(2π)
3. Here Q = pγ−pK is
the momentum transfer to the two-baryon system and the factor
√
2 comes from the proper
antisymmetrization. In this expression the dependencies on the kinematical variables have
been suppressed and it should be understood that the production operator acts on one of the
two initial baryons. By integrating the right hand side of Eq. (7) over the three-momentum
of nucleon and momentum of hyperon, followed by rewriting the flux factor, we arrive at
the cross section for the exclusive process d(γ,KY )N in the deuteron rest frame, i.e.,
dσ
dpKdΩKdΩY
=
mYmN |~pK |2|~pY |2
4(2π)2EγEK
∣∣(EY + EN)|~pY | −EY ~Q · pˆY ∣∣−1
× 1
6
∑
µY µNµdλ
∣∣√2〈~pY ~pNµY µN |T γKλ |Ψµd〉∣∣2 . (8)
Through out the paper we work in the deuteron rest frame. For the inclusive process
d(γ,K)Y N the cross section is given by
dσ
dpKdΩK
=
∫
dΩ cmY
mYmN |~pK |2|~p cmY |
4(2π)2EγEKW
× 1
6
∑
µY µNµdλ
∣∣√2〈~pY ~pNµY µN |T γKλ |Ψµd〉 ∣∣2 , (9)
where W 2 = (Pd+Q)
2 and |~p cmY | is the hyperon momentum calculated in the center of mass
frame of the two final baryons.
The amplitude is approximated by the diagram shown in Fig. 3, which is written for
convenience as
T γKλ = t
γK + tγKY N + t
γK
KN + t
γK
Kπ , (10)
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FIG. 3: Kaon photoproduction on the deuteron. The diagrams indicate (a) the impulse approxi-
mation (IA), (b) the Y N rescattering, (c) the KN rescattering, and (d) the πN −KY process.
where tγK , tγKY N , t
γK
KN , and t
γK
Kπ denote the operators for the impulse approximation, hyperon-
nucleon rescattering, kaon-nucleon rescattering, and the pion mediated process, respectively.
The IA and Y N rescattering terms are calculated precisely. Here we describe the cal-
culation briefly; the reader should consult Ref. [5] for details. The operator of the sum of
diagrams (a) and (b) can be written as
T γKY N = t
γK + tγKY N (11)
= tγK + tY N GY N t
γK (12)
with the Y N scattering operator tY N which obeys the Lippmann-Schwinger equation
tY N = VY N + VY N GY N tY N , (13)
where VY N denotes the Y N potential operator and GY N the free Y N propagator. Inserting
Eq. (13) into Eq. (12), we obtain
T γKY N = t
γK + VY N GY N T
γK
Y N , (14)
which can be solved by inversion, i.e.,
T γKY N = (1− VY N GY N)−1 tγK . (15)
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After solving the last equation in a partial wave decomposition with respect to the Y N
subsystem, one obtains the Y N rescattering amplitude by subtraction of the IA term.
The KN rescattering (diagram (c) in Fig. 3) is evaluated directly in contrast to Y N
rescattering. The corresponding operator is given by
tγKKN = tKN GKN t
γK , (16)
where tKN is the KN scattering operator, which also obeys the Lippmann-Schwinger equa-
tion of the form (13), and GKN is the free KN propagator. For VKN we take a rank-1
separable potential which, in the partial wave representation, is given by
VℓJ(p
′, p) = λℓJ g(p
′)ℓJ g(p)ℓJ (17)
with the form factor
g(p)ℓJ =
BℓJ p
ℓ
[p2 + A2ℓJ ]
ℓ+2
2
, (18)
where λℓJ , BℓJ , and AℓJ are parameters which are determined by fitting the phase shift to
the experimental data [31, 32]. The πN −KY process (diagram (d) in Fig. 3) is calculated
in the same fashion; details of these calculations can be found in Ref. [8].
B. Polarization Observables
With respect to polarization observables, we consider the tensor target asymmetries T2M
which are given by [33]
T2M
dσ
dΩK
= (2− δM0)Re V2M , M = 0, 1, 2 , (19)
where
V2M =
√
15
∑
µY µNλ
∑
µ′
d
µd
(−1)1−µ′d

 1 1 2
µd −µ′d −M


×
∫ pmaxK
pmin
K
dpK
∫
dΩ cmY κM∗µY µNµdλMµY µNµ′dλ (20)
with a kinematic factor
κ =
mYmN |~pK |2|~p cmY |
24(2π)2EγEKW
. (21)
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We also calculate the hyperon recoil polarization Py, the beam asymmetry Σ, and the double
polarization Cx and Cz, which are given by
Py =
TrMM+σy
TrMM+ , (22)
Σ =
TrMǫyM+ǫy − TrMǫxM+ǫx
TrMǫyM+ǫy + TrMǫxM+ǫx
, (23)
Cx =
TrMǫ1M+ǫ1σx
TrMǫ1Mǫ1
, (24)
Cz =
TrMǫ1M+ǫ1σz
TrMǫ1Mǫ1
. (25)
In these equations the amplitude M reads
M =
√
2 〈~pY ~pNµY µN |T γKλ |Ψµd〉 , (26)
where, for example, Mǫy indicates the amplitude with photon polarization pointing into
the y-axis, i.e. ~ǫλ = ~ǫy. The photon polarization ~ǫ1 = − 1√
2
(~ǫx + i~ǫy) describes the helicity
state +1. The beam asymmetry Σ is obtained with linearly polarized photon, while the
double polarization observables Cx and Cz are the observables for both polarized hyperon
and circularly polarized photon.
C. Extraction of the elementary amplitude
In the following, we describe briefly the extraction of the invariant elementary amplitude
from the cross section on the deuteron in view of the study of kaon photoproduction on
the neutron. The condition for the extraction must be that FSI effects be negligible. Thus,
the amplitude can be approximated only by the impulse term. In this case the invariant
elementary amplitude can be separated from the deuteron one. To show this, first we write
the amplitude of the impulse term explicitly as
〈~pY ~pNµY µN |tγKλ |Ψµd〉 =
∑
µN′
〈~pY µY |tγKλ | − ~pNµN ′〉C
1
2
1
2
1
µNµN′µSΨµSµd(−~pN ) , (27)
where C denotes Clebsch-Gordan coefficient and ~pN is the spectator nucleon momentum.
The deuteron wave function Ψ is given by
ΨµSµd(−~pN) =
∑
ℓ
Cℓ 1 1µℓµSµd uℓ(|~pN |) Yℓµℓ(−pˆN ) , (28)
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where Y indicates spherical harmonics and u is its radial part, which is generated by the
Nijmegen93 NN potential [34] in this work. Summing over all spin states of the amplitude
in Eq. (27), after some algebra we find
∑
µY µNµdλ
∣∣〈~pY ~pNµY µN |tγKλ |Ψµd〉∣∣2 = D
∑
µY µN′λ
∣∣〈~pY µY |tγKλ | − ~pNµN ′〉∣∣2 , (29)
where
D = 3
2
|Y00|2u20 +
(
3
10
|Y20|2 + 35 |Y21|2 + 35 |Y22|2
)
u22 . (30)
With this expression we can write Eq. (8) as
dσ
dpKdΩKdΩY
=
mYmN |~pK |2|~pY |2
4(2π)2EγEK
∣∣(EY + EN)|~pY | −EY ~Q · pˆY ∣∣−1
× 1
6
D
∑
µY µN′λ
∣∣〈~pY µY |tγKλ | − ~pNµN ′〉∣∣2 . (31)
On the r.h.s. of this equation the sum of the squared amplitudes of the elementary process
γN → KY has been completely separated from the deuteron wave function.
IV. RESULTS
The inclusive cross section, calculated using Eq. (9) at a photon energy of Eγ = 1.1 GeV
and at forward kaon angle θK = 0
◦, is shown in Fig. 4. In this figure we add up the cross
section for all outgoing channels, K0Λp, K0Σ0p and K0Σ+n. The positions of the two peaks
are found to be consistent with the Λ and Σ quasi-free scattering (QFS) conditions. We note
sizable effects of Y N -rescattering in the Λ and Σ threshold regions, and on the top of the
Λ-peak around pK = 690 MeV/c. Figure 5 shows the inclusive cross sections in IA, where
the results for the two different elementary operators discussed in Sec. II are compared.
This figure shows a relatively large variation of the cross sections around the Σ-QFS region.
This result originates from the different models for the elementary process (see Fig. 1) of
the K+Σ− channel at this energy of W ≃ 1.7 GeV. The other KΣ channels also exhibit
significant differences, but since their overall cross sections are smaller compared to K+Σ−,
their effects become less important. In contrast to the K+Σ− channel, for both the K+Λ
and K0Λ channels the corresponding cross sections do not differ too much around W = 1.7
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models given in Fig 1.
GeV. This also explains why the difference between the two elementary models does not
show up strongly around the Λ-QFS region.
By comparing Figs. 4 and 5, we can see that the variation originating from the different
elementary operators is larger than that originating from the FSI effects around the Σ-QFS
region. In other words, we can say that the cross section of the process d(γ,K0)ΣN is more
sensitive to the choice of the elementary operators than to the FSI effects. This feature
shows that the process d(γ,K0)ΣN can serve as a way to access the elementary operators.
Experimental data with error bars smaller than these variations are needed now to apply
our procedure.
Figure 6 presents the exclusive cross sections calculated for the photon energy 1.1 GeV
at forward kaon angle θK = 0
◦. The figure shows that the effect of the Y N rescattering
is stronger at larger hyperon angles, while the effects of KN rescattering and πN − KY
process are negligible or small.
The tensor asymmetries for the photon energy of Eγ = 1.1 GeV are shown in Fig. 7.
This figure shows that the Y N , KN rescatterings, and πN − KY process have different
12
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effects on T20, T21, and T22 at larger kaon angles. Figures 8 and 9 show the polarization
observables Σ, Py, Cx, and Cz in the γd → K0Λp and γd → K0Σ0p channels, respectively.
These polarization observables are calculated for the photon energy Eγ = 1.1 GeV, the
kaon angle θK = 0
◦, and the hyperon angle φY = 0
◦. The top panels correspond to the
results at the peak positions of the inclusive cross section, while the bottom panels refer to
lower kaon momenta. For these observables the Y N rescattering effects dominate at larger
hyperon angles θY . The effects are more remarkable at lower kaon momenta than at the
peak positions.
Figures 10 and 11 show the exclusive cross sections of d(γ,K0Λ)p as a function of kaon
angle θK for the photon energies Eγ = 1.1 and 1.3 GeV, respectively. In the figures we fix the
direction of the outgoing nucleon momentum ~pN to θN = 30
◦ and φN = 180
◦, while several
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Fig. 6.
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FIG. 9: Same as in Fig. 8 but for γd→ K0Σ0p with pK = 520 and 420 MeV/c.
magnitudes of ~pN , namely 0, 50, 100, and 150 MeV/c are studied. At nucleon momentum
pN = 150 MeV/c, the effects of Y N rescattering are most prominent at forward kaon angles,
but almost negligible for zero nucleon momentum, i.e. under QFS kinematics. From these
14
 100
 200
 300
 400
 500
 600
 700
 800
     
[n
b/(
M
eV
/c)
sr2
] Eγ = 1.1 GeV
pN = 0 MeV/c
 0
 40
 80
 120
 160
 200
     
pN = 50 MeV/c
 0
 5
 10
 15
 20
 25
 30
 0  45  90  135  180
dσ
/d
Ω
K
dp
K
dΩ
Y
θK [deg]
pN = 100 MeV/c
 0
 1
 2
 3
 4
 5
 6
 7
 8
 0  45  90  135  180
θK [deg]
pN = 150 MeV/c
FIG. 10: Exclusive cross sections of
d(γ,K0Λ)p as functions of kaon angle θK
for the photon energy Eγ = 1.1 GeV. The
direction of the outgoing nucleon momen-
tum ~pN is fixed at θN = 30
◦ and φN = 180◦,
but the magnitude of ~pN is varied. The re-
sults for pN = 0, 50, 100, and 150 MeV/c
are shown. The lines are as in Fig. 6.
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FIG. 11: Same as Fig. 10 but for the photon
energy Eγ = 1.3 GeV.
features we conclude that the extraction of the elementary amplitude is favored in QFS
kinematics.
Finally, in Fig. 12 we compare the extracted elementary amplitudes for pN = 0, 50,
100 MeV/c with the corresponding free-process amplitudes. We see that the extracted
amplitudes are in good agreement with the free-process amplitudes at QFS kinematics. At
pN = 50 MeV/c there is a small discrepancy between the extracted and the free-process
amplitudes, especially at larger kaon angles. The discrepancy grows at pN = 100 MeV/c.
One can also note from the figures that the extraction works better done at higher photon
energies Eγ where the discrepancy is smaller for the same nucleon momentum pN .
Another feature visible in Figs. 10 and 11 is that the cross section of the exclusive process
d(γ,K0Λ)p in QFS kinematics is much larger than in other kinematic regions, indicating
that measurements in this region will be easier. For visualizing the QFS regions over a wide
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FIG. 12: Comparison between the extracted and the free-process amplitudes squared for the process
γn→ K0Λ at the photon energy Eγ = 1.1 GeV (left panels) and Eγ = 1.3 GeV (right panels). The
solid line refers to the extracted amplitudes from γd → K0Λp, while the dashed line is obtained
from the free-process amplitudes. The direction of ~pN is fixed at θN = 30
◦ and φN = 180◦, but
the magnitude of ~pN is varied with 0, 50, 100 150 MeV/c.
range of pK and θK , we provide a three-dimensional plot of the inclusive process d(γ,K
0)Λp
obtained with IA + YN in Fig. 13, for the photon energy Eγ = 1.1 GeV. This figure shows
a ridge running along the QFS condition which moves to smaller kaon momentum pK as the
kaon angle θK increases.
V. SUMMARY AND CONCLUSION
We have analyzed K0 photoproduction on the deuteron γd → KY N , investigating the
effects of Y N and KN rescattering and the intermediate πN − KY rescattering process.
Y N rescattering effects are found to be large in the threshold regions in the inclusive cross
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FIG. 13: Three dimensional plot of d(γ,K0)Y N as a function of θK and pK , which is obtained
with IA + YN. The photon energy is Eγ = 1.1 GeV.
section for forward kaon angle θK = 0
◦. The two models of KAON-MAID for the elementary
operator, the original and the refitted one to the new SAPHIR data, show a large variation
in the Σ QFS region of the inclusive cross sections. Therefore, the d(γ,K0)Y N experiments
can serve as a method to access those operators. In the exclusive processes, the polarization
observables show visible effects of the final-state interactions at larger hyperon angles.
We have also calculated the exclusive cross section for outgoing nucleon momenta ~pN
with various magnitudes in a fixed direction. The Y N rescattering effects are found to
become larger at forward kaon angles as the magnitude of ~pN increases, but those are
almost negligible at zero nucleon momentum, i.e. under QFS kinematics. We have shown
that the elementary amplitude can be extracted algebraically from the full amplitude using
the impulse approximation when FSI effects do not contribute. We have performed the
extraction for the ~pN -values mentioned above, and the extracted elementary amplitudes
have been compared with the free-process ones. At QFS kinematics the extracted and the
free-process amplitudes agree well. This demonstrates that kaon photoproduction on the
deuteron in the QFS region is suitable for investigating the elementary process in the neutron
channels. The exclusive cross sections for the d(γ,K0Λ)p process at the QFS kinematics are
17
found to be especially large suggesting that this region is appropriate for measurements. We
confirm that the region where the cross sections are large develops close to QFS kinematics
and forms a ridge on the θK − pK plane.
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